The mixed lymphocyte reaction is characterized by proliferation and generation of specifically cytotoxic effector lymphocytes. These two phases of the mixed lymphocyte reaction have been shown to be mediated by distinct subpopulations of thymus-derived cells. The When mixtures of lymphoid cells from genetically disparate individuals are cultured in vitro they undergo a characteristic response which has been termed the mixed lymphocyte reaction. This reaction is typified by an early proliferative phase followed by the appearance of effector lymphocytes exhibiting specific cytotoxicity for target cells bearing antigens used to stimulate the original reaction (1).
cytotoxic effector lymphocytes. These two phases of the mixed lymphocyte reaction have been shown to be mediated by distinct subpopulations of thymus-derived cells. The current investigation demonstrates that combinations of cells from thymus and lymph nodes of CBA mice exhibit synergism with respect to proliferation and effector cell production in response to Balb/c alloantigens. That is, the magnitude of the proliferative and effector phases of the mixed lymphocyte reaction exhibited by combinations of thymus cells and lymph node cells was greater than that given by equal numbers of the two cell types cultured separately. This cooperative interaction between lymphoid cell subpopulations in the mixed lymphocyte reaction parallels that which is responsible for the graftversus-host reaction. It is proposed, therefore, that the mixed lymphocyte reaction provides an in vitro model for the study of in vivo thymus cell interactions occurring in the graft-versus-host reaction.
When mixtures of lymphoid cells from genetically disparate individuals are cultured in vitro they undergo a characteristic response which has been termed the mixed lymphocyte reaction. This reaction is typified by an early proliferative phase followed by the appearance of effector lymphocytes exhibiting specific cytotoxicity for target cells bearing antigens used to stimulate the original reaction (1) .
The proliferative and effector phases of the mixed lymphocyte reaction are mediated by distinct subpopulations of thymus-derived lymphocytes (2) (3) (4) (5) (6) (7) . This finding, along with the observation that proliferation is a prerequisite for effector cell production (8) , suggested that in vitro generation of effector lymphocytes in the mixed lymphocyte reaction may de-I)end upon a cooperative interaction between two functionally distinct subpopulations of lymphoid cells.
The current in vitro studies demonstrate that synergism does occur between subpopulations of lymphoid cells in the proliferative as well as in the effector phase of the mixed lymphocyte reaction. This observation is consistent with earlier reports (9) (10) (11) (14) . 5 X 106 Lymphoblasts were labeled with 200 pCi of Na251CrO4 (Cambridge Nuclear, Billerica, Mass.) in a volume of 1.0 ml for 1 hr at 37°. Cells were then washed three times with medium and resuspended to a concentration of 2 X 105 cells per ml. 0.2 ml of the suspension was then mixed with 0.25 ml of medium containing 1.2, 0.6, or 0.2 X 101 viable sensitized lymphocytes, resulting in lymphocyte-to-target cell ratios of 30: 1, 15: 1, and 5: 1, respectively. Mixtures were incubated in triplicate for 5 hr at 37°. 2.0 ml of medium was then added and the tubes were centrifuged at 250 X g for 10 min. After centrifugation, 1.0 ml of the supernatant was removed and assayed for 51Cr in a Packard gamma counter. Marked synergism with respect to effector cell production ( Fig. 2) 5 X 105 lymph node cells alone exhibited less than 5% specific lysis of Balb/c target cells at a lymphocyte-to-target cell ratio of 30: 1. However, when 5 X 105 lymph node cells were combined with 1 X 106 thymocytes, the resultant cultures exhibited 72% specific lysis of the Balb/c target cells.
The effect of varying the lymphocyte-to-target cell ratio on the specific lysis of Balb/c target cells is presented in Fig.  3 . Significant lysis was obtained with ratios as low as 5:1, thus emphasizing the magnitude of synergy in the cultures containing combinations of thymus and lymph node cells.
An experiment demonstrating that the observed synergism was not due to enhanced cell survival is presented in Table 1 . Optimal survival (about 30%) in unstimulated controls was observed in cultures containing only thymus cells, while survival in cultures containing only lymph node cells was about 15%. Cultures containing mixtures of these two cell types did not exhibit enhanced cell survival. Rather, addition of increasing numbers of thymocytes to lymph node cells simply increased the total cell viability to the level observed in cultures containing only thymocytes. The synergism with respect to cell viability observed in cultures stimulated with Balb/c spleen cells is consistent with the enhanced blastogenesis observed in the cell mixtures (Fig. 1) , and presumably reflects division of the cells originally placed in culture. It is of interest that the decline in cell survival in cultures containing 2 X 106 thymus cells was paralleled by a decrease in specific cytotoxicity (Fig. 2) but not by a decrease in proliferation (Fig. 1) . Perhaps the cell population responsible for proliferation is less affected by adverse culture conditions than that responsible for generation of cytotoxicity.
Evidence that the observed synergism ( Figs. 1 and 2 ) is specific for those cell populations mediating the mixed lymphocyte reaction is presented in Table 2 . In these studies combinations of thymus and lymph node cells exhibiting optimal synergy in the proliferative and effector phases of the mixed lymphocyte reaction were cultured in the presence or absence of phytohemagglutinin. Significantly, no synergy was observed with respect to either the background reactivity of unstimulated cultures, or the proliferative response of the various cell combinations to phytohemagglutinin. Instead, addition of 1 X 106 thymocytes resulted in a significant depression of the phytohemagglutinin response of either 5 X 105 or 2.5 X 105 lymph node cells, while leaving background reactivity virtually unaffected. These results are consistent with earlier studies demonstrating that the cell population responsible for.phytohemagglutinin reactivity is distinct from that mediating the proliferative phase of the mixed lymphocyte reaction (15, 16) .
DISCUSSION
It has been proposed that the mixed lymphocyte reaction and the graft-versus-host reaction belong to a unique class of immune reactions (17) . This suggestion is based on the facts that: both reactions involve disproportionately high numbers of initially responding cells (17, 18) ; neither is greatly enhanced by preimmunization (19, 20) ; and both are mediated by thymus-derived lymphocytes (21, 22) exhibiting similar developmental patterns during ontogenesis (23) . In addition, both reactions are characterized by an early proliferative phase followed by the appearance of specifically cytotoxic lymphocytes (1, 3, 24, 25) .
The graft-versus-host reaction, as assayed by splenomegaly and lethality, is mediated by a synergistic interaction between two subpopulations of thymus-derived cells (11, 26) . One subpopulation (T1) is: (1) present in high concentration in spleen and thymus, (2) nonrecirculating, (3) insensitive to antilymphocyte serum, (4) rapidly depleted by adult thymectomy, and (5) possesses relatively large amounts of surface-associated 0 antigen. The second population (T2) is: (1) present in high concentration in lymph nodes and peripheral blood, (2) recirculating, (3) sensitive to antilymphocyte serum, (4) slowly depleted by adult thymectomy, and (5) possesses relatively small amounts of surface-associated 0 antigen.
Although the mechanism underlying the cooperative interaction between these two cell populations remains unknown, T1 cells have been shown to be the direct precursors of effector lymphocytes while the T2 cells somehow potentiate activation of the T1 population.
The demonstration by the current studies of in vitro synergism between thymus and lymph node cells in the proliferative and effector phases of the mixed lymphocyte reaction closely coincides with the T1-T2 model. With respect to tissue distribution, the cell population responsible for the proliferative phase of the mixed lymphocyte reaction appears to correspond to the T2 population while that responsible for effector cell production resembles the T1 population (3, 27) . In addition, we have found that pretreatment of spleen-cell suspensions with appropriate dilutions of anti-0 serum and complement more effectively inhibits effector cell generation than proliferation (27) . These results suggest that the subset of cells responsible for effector cell production has more surface-associated 0 antigen than that responsible for proliferation and provide further evidence that the cell populations defined by the current studies correspond to T1 and T2.
Although the current studies clearly demonstrate synergism between lymphoid cell populations participating in the mixed lymphocyte reaction, many questions concerning the nature of this cooperative interaction remain to be answered. For example, it will be of interest to determine the time necessary for the interacting cell populations to be cocultured in order to obtain optimal responsiveness. Another question is whether the increases in the proliferative and effector responses observed in the cell mixtures are mediated by the same or different cell populations. It will also be of interest to determine whether the cell populations responsible for synergism are of thymus or lymph node origin. Further, it is not known whether the observed cooperation requires cell-to-cell contact or is mediated by soluble cell products. Answers to these and other questions gained through study of the in vitro model described herein will undoubtedly provide insight into the mechanisms of thymus cell synergism normally occurring in vivo. 
